CASES of traumatic dilatation of the ventricles may be separated into three groups although any one case may belong to more than one group.
1. Local bulging of the ventricle which in extreme degrees presents the appearance of a diverticulum. This condition will not be discussed, because the atrophy of the brain and the formation of a cerebral or meningo-cerebral cicatrix which may result from focal contusion and laceration of the brain rest upon a firm foundation of fact, of unequivocal observation.
2. The enlargement involves the whole of one lateral ventricle; it may occur on that side of the head which received the blow, or on the opposite side. These cases may provide a link connecting the processes leading to local bulging, and those causing general symmetrical dilatation. It is tempting to assume that a large focal contusion can lead to cedema of the whole hemisphere. If this were proven, and if the cedema alone, as opposed to any vascular disturbances which cause cedema were sufficiently severe and enduring, then doubtless gliosis and atrophy would lead to ventricular enlargement. Although such an explanation is accepted by many, an cedema of this extent has not yet been satisfactorily proven. The occurrence of contralateral enlargement seems related to contrecoup effects, but the precise mechanism of dilatation is not thereby explained. Raised intracranial pressure by itself cannot be the cause, unless a softened state of one hemisphere allows its ventricle to dilate.
3. General symmetrical enlargement of the lateral ventricles; rarely the third and fourth ventricles are involved, although not to any considerable extent. Two questions immediately present themselves. What is an abnormally large ventricle, and what is the incidence of the condition? Davidoff and Dyke (1937) measure the distance between the outermost limits of the bodies at the lateral angles as seen in the antero-posterior projection and regard 3*5-4*5 cm. as normal. Robertson (1941) proposed B virtually the same diameter, and his figures are comparable. Evans (1942) proposes the ratio of this diameter to the transverse diameter of the skull. These methods of measurement are of help when used with identical film-target distances, but they do not take into account variations in size according to age, nor do they give due weight to those lesser degrees of enlargement in which there may be only slight increase of the lateral diameter, but considerable rounding of the angles and deepening of the body of the ventricle. The incidence of ventricular dilatation is unknown, and will remain so until encephalography is performed on every case of head injury; such a thorough investigation is not (I am indebted to Colonel Botterell, R.C.A.M.C., for the subsequent history of this man and for permission to publish the tracing of the encephalogram.)
The clinical findings pointed unmistakably to a mid-brain contusion and operation yielded good evidence of a right hemisphere contusion. But encephalography demonstrates considerable general cerebral atrophy, especially of both frontal lobes. His intellectual capacity is unimpaired, for he is back in the Service as an electrical engineer and he has no anosmia. The blow struck the back of the head. Thus there are good grounds for postulating a bifrontal contusion, but no unequivocal clinical evidence that this actually occurred.
Case 2.-G.J. aged 45 years: night watchman. 6th October, 1940 admitted with " signs of cerebral irritation" to Middlesex Hospital, having been found at bottom of flight of stone steps. B.P. 100/85. X-ray: fracture left parietal running into sagittal suture and right occipital suture with separation. There was a period of mental confusion and of euphoria and he was discharged on the 18th January, 1941. He stated that he was a watchman in building in Holbom which was bombed. There was a history of fits but details were not forthcoming, except that the woman he lived with stated that he seemed well until the bombing.
22nd January, 1941 fell unconscious in streetadmitted to London Hospital and transferred next day to Chase Farm Hospital. He was then drowsy and dysarthric, with ptosis, impaired upward movement of eyes, and slight left-sided spastic weakness. Plantars \~. Slight headache. Like the previous case there has been a slow increase in the size of the ventricles over a period of eighteen months, the dilatation is fairly symmetrical and diffuse with an enormous amount of cortical air. The injury was insufficient to fracture the skull and was apparently applied to the right lateral frontal region. Although there is some thickening of the radial arteries, the retinal vessels are healthy and the blood pressure is normal. There was a prolonged period of traumatic delirium and confusion and there is still a moderate mental defect, but the man can just earn his living. Headache was rarely experienced, and the measured pressure of the cerebrospinal fluid never raised.
The next case demonstrates the difficulty of deciding whether the ventricles are of normal size or not. Although measurements and proportions are approximately normal as judged by the criteria given above (the transverse diamete'r is 4 cms. and the ratio 026), yet to an accustomed observer, the appearance is one of slight dilatation.
Case 4.-M.M. a big woman of 35 years fell heavily on her buttocks. She was not apparently rendered unconscious, but had severe headache shortly afterwards Disturbance of the cerebrospinal fluid system might arise from excessive production, delayed circulation, or impaired absorption of the fluid. An excessive production can only be of significance if the production rate is greater than its absorption rate, and from the evidence available (Greenfield, 1936) this seems highly improbable provided always that the absorptive mechanism is undamaged. There appear to be no observations on the human as to the rate of secretion in head injuries, or even in the normal. Hoff (1930) performed experiments on animals in which an inspection window was made in the skull, over a tunnel in the brain leading into the ventricle. After an intravenous injection of fluorescein, a blow was struck on the animal's head. He describes the result as of clouds of pink fluid welling up from the depths of the ventricle presumably from the choroid plexus, which, however, he could not see, and further waves emanating from along the walls of cortical vessels. In their examinations of recently injured brains, Rand and Courville (1931) observed changes in the choroid plexus which they ascribed to an excess of fluid being passed into the ventricles. Thus there is some suggestive evidence of increased production and the problem deserves more careful attention before it can be stated as fact that increased fluid production does not occur.
Delay in the circulation and absorption of the fluid has been investigated more fully. Bagley (1928) showed that small quantities of blood introduced into the cerebrospinal fluid system of dogs produced matting of the lepto-meninges, scarring of the cortex, and in some cases dilatation of the ventricles. Fay and Winkelman (1930) are said to have demonstrated similar changes in cases of human brain injury and also changes in the Pacchionian bodies, but these observations need confirmation, especially as the granulations are not the only sites of arachnoidal villi. In infants suffering from hydrocephalus secondary to birth injury, matting of the lepto-meninges and retention of blood pigment can be demonstrated. We do not know whether such occlusion of the lepto-meningeal spaces is permanent, or whether in course of time fresh spaces are opened up, comparable with the canalization of a venous thrombosis. Clinical experience lends some support to the view that blood may act in this way, and in all three severe cases quoted, the fluid was bloody, but unfortunately for the argument, the amount of blood was greatest in the first although the ventricular enlargement was only moderate. Hydrocephalus is not a characteristic feature of recurrent subarachnoid bleeding from aneurysms. If such an obstructive element were active then the cerebrospinal pressure should be persistently raised, but in cases of head injury the pressure if raised usually remains so only for a few days after the injury, and it is not known whether the ventricles remain permanently dilated after a transient intracranial hypertension.
In the series of cases of Bielschowsky already referred to, this matter of delayed fluid circulation was carefully investigated. He stated that in 54 per cent. of all the 106 cases studied, the pressure was over 200 mm. Seeing that these measurements were made months and years after the injury, the proportion seems amazingly high. Somewhat similar results were published by Gierlich (1936) . It is difficult to reconcile these findings with personal experience, and although Bielschowsky's paper came from Breslau, it is unacceptable without further confirmation. He also made tests upon the rate of absorption of the cerebrospinal fluid, using the iodide method of Foerster. There was a marked delay in 58 per cent. But this aspect of the problem becomes more complicated when we consider the result of encephalography. In some cases, the cortical subarachnoid spaces are not filled with air, and their occlusion may in fact have taken place. But in many cases a great quantity of air spreads over the cortex, so that occlusion cannot have occurred. We Courville (1942 Courville ( , 1937 believes that generalized cedema occurs; on the other hand Greenfield (1942) Courville (1931) also described changes in the wall of the ventricles, vacuolization of the ependymal cells, raggedness of the free cell margin and subependymal cedema. He interpreted these findings as demonstrating an outpouring of fluid into the ventricle from its wall, but the reverse may be actually the case. Finally, Greenfield (1942) has noted changes about the ventricle wall in cases of rapid hydrocephalus, which he attributes to a seepage of the fluid through the ependyma into the brain. These isolated observations seem to form a pattern, or at any rate a mosaic, and suggest that perhaps in severe trauma there is a temporary excessive outpouring of fluid from the choroid plexus, which by reason of a transient delay of circulation and absorption owing to the presence of blood, and aided by a traumatized ependyma penetrates the wall of the ventricle to enter the brain tissue, impairing its nourishment and causing cedema and thus to gliosis.
Summary
The cause of traumatic ventricular dilatation remains unidentified, and in endeavouring to solve the problem, hard facts concerning the following items need to be ascertained.
1. The normal size of the ventricles, and its variation with age; the incidence of traumatic dilatation.
2. Observations on the rate of secretion and of absorption of cerebrospinal fluid in health and after trauma to the head. The weight 'of evidence indicates some change
